Proprieta ottiche di semiconduttori



Practically Needed End-Use Technologies:
Information and Communication Techn{)lﬂgies

Other Special Applications

Demands for Technical Capabilities and Systems:
High Speed and Low Power Consumption
Operation with Electric and Oprical Signals

Demands for Devices and Their Design:
Scaling-Down Devices
Minimization of Interconnections
Effective Electric «++ Optical Conversion

Demands for Materials and Processing:
Improving Existing Materials
Novel Superb Marterials Properties
Artificial Multilayer and Other Structures
Advance Growth and Processing Techniques

Fundamental Underpinnings:
MNew Physics of Materials and Devices
New Device Concepts




Assorbimento di luce da parte di
un semiconduttore




Rate di transizione a 0 K

La probabilita per unita di tempo di transizione
tra due stati elettronicli in un sistema qualsiasi:
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Effetti della temperatura

e Lo stato di partenza deve essere pieno
e Lo stato di arrivo deve essere vuoto
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La dipendenza di 1/t dall
materiale sono conte



Transizioni per dipolo elettrico
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Conseguenze della conservazione
dell’impulso
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Una vera struttura a bande
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I Heavy Hole Band

I Light Hole Band
I Split-Off Band
A = Split-0ff Energy
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Quanti sono | semiconduttori In natura?
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Leghe
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Elements V-1V -V 1I-V1
compounds | compounds | compounds
S1C AlAs
AlSb
BN

GaAs
GaP
GaSb
InAs
InP
In Sb




Table 4.2,
Energy-Band Parameters for 5i and Ge

Group IV Si Ge

Type of bmaﬂgap
Lowest minima
Degeneracy

Eg (eV)
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Table 4.3.
Energy-Band Parameters for [II-Y Compounds

The As Family InAs GaAs AlAs

Type of gap Direct
Lowest minima I' point
E; (eV) 0.354
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Fig. 10.16. Width of the gap as a function of lattice constants for various semiconductors and their
alloys. Solid lines: direct gap; dashed lines: indirect gap. Data from [10.7]
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Leghe

e Consentono di ampliare molto la famiglia del
semiconduttori

« Consentono una buona accordabilita
dellEnergy Gap

MA
Alcune leghe non sono stabi

Es In,Ga, ,As (I'Indio
cluster)
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Cosa abbiamo dimenticato?

E| L'Interazione Coulombia
tra elettrone e lacu
modifica la densi
Statl
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Problema a due corpi. Effettuando le seguenti trasformazioni (riduzione al moto
relativo ed al moto del centro di massa)
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Moto del centro di
massa
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Wen = e

La soluzione generale si puc
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Figure 1. Schematic diaeram of tha aweirasio=e € - - °




Importanza degli eccitoni

1) introducono stati radiativi a bassa
energia w——=—>> dominano I'emissione

2) I'elettrone e la lacuna sono legati

Alta sovrapposizione
d’onda di elet

Alta



E, (eV)

‘igure 3.24. Experimental values for the exciton coupling energy E; versus bandgap E



Lista del desidert....

 Modulabilita della Energy Gap
 Emissione eccitonica a temperatura ambi

 Alta efficienza di emissione (alto ov
funzioni d’onda di elettrone e la
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Principio di funzionamento

=

Buca rettangolar
Stati quanti

E







Cosa serve
Materiali

 Due semiconduttori:

1) Con Gap diversa

2) Chimicamente compatibili
3) Simile costante reticolare

Struttura

Buca di larghezza confrontabile
delle funzioni d’onda eccitoni

Raggio di B
GaAs=11
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Energy gaps (eV)
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Figure 5. Energy gaps vs lattice constant for III-V Semiconductors.

Lattice matched heterojunctions: Ge-GaAs—1959 (R. L. Anderson);
AlGaAs—1967 (Zh. Alferov et al., ]. M. Woodall & H. S. Rupprecht);
Quaternary HS (InGaAsP & AlGaAsSb): Proposal—1970 (Zh. Alferov et al.);
First experiment—1972 (Antipas et al.)




Energy gaps (eV)
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54 56 58 60 62 64 66
Lattice constants (A)
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Figure 6. Energy gaps vs lattice constants for semiconductors of IV elements, III-V and 11{IV)-VI
compounds and magnetic materials in parentheses. Lines connecting the semiconductors, solid

for the ITI-V's and dotted for the others, indicate quantum heterostructures that have been in-
vestigated.




Tecniche di crescita epitassiall
Metal-Organic Cheml_cﬂall\(__por Deposition
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Quantum well singola: un po’ di teoria




L’equazione di Schroedinger e:

|:_ thZ

o (Z) +V(Z)}W(X’ Y Z) = gnW(X’ Y Z)

Dato che il moto nel piano x,y € libero, si fattorizza Il gl
problema (S é la superficie dell'interfaccia): l//(X, Y; Z) —

BRI,

Le condizioni al contorno diventano:

1 d;((z)|
me(z) dz |
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Figure 10.16: Measured polarization dependent transmittances in GaAs/AlGaAs (100 A)
multiquantum well structures when light is coming in the wavegnide geometry, {a) Incident
polarization parallel to the plane of the layers . (b) Incident polarization perpendicular to the
plane of the lavers. (After DDA B, Miller, et al., JTEEE J. Quantum Hlectronics, QJFE-22, 1816
(1986).)







Il pit semplice potenziale ¢ il potenziale rettangolare con
barriera infinita:

4
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Le soluzioni sono:
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Potenziale parabolico

V(y,z)=Vi(y)+V,(2), Vi(y)= %[az\ﬁlj _ y’ |

Le soluzioni sono:

Zopm, (¥, 2)= cOStx e H (ay)sin[ﬂinzj

2(82\/]_} m*(() n d" .-
w=_|— a=—— H,(y)=(-1"——e
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Figure 3.12. Density of states for one-dimen-
sional (1D) electrons.
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Normalized Intensity (arb units)
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Fig. 2. Electroluminescence spectra above threshold from the x =
0.10 device at different temperatures.
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epitaxial layer with larger lattice constant,
. Ge, InAs
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1G. 1. (Color online) Top-view scanning electron microscope ims
yrepatterned GaAs (111)8 substrat
nd an isolated pyvramidal rece L 1ts center.

¢ with a 2-gem size hexagonal “defect
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FIG. 1. Photoluminescence spectra of InGaAs quantum dots
excited with an argon laser. For I.,. = 75 W/cm? we estimate,
on the basis of peak intensities, that there are approximately
6—8 electrons and 6—8 holes in a quantum dot. Inset:
schematic diagram of the strain-induced confining potential of
the dots.




Fig, 208, Andamento schematico dei raggi nel microscopio.

Sy — obiettive; Sy — oculars; AB — ovggetio in  esame; A’B’ - immagine
reale fornita dall’oblettive; A"D" — imumagine virtuale vista com oculare.




The Diffraction Limit

Ernst Karl Abbe (1840 - 1905)

— foundation member of Zeiss—works
- social reformer
- physicist:
1873 theory on microscopes and
microscopic perception:

?\n:::-

X

Ax = distance separating two objects
Ao = wavelength of imaging light

n = index of refraction of embedding medium
® = acceptance angle of objective
n sin ® = numeric aperture

W. Gutmannsbauer, Institute of Physics, University of Basel



Campo incidente

Campo prossimo:
a<<I<<A,
Campo statico ed evanescente

Campo lontano:
a<< AL<r

campo radiante




Schematic of a SNOM

laser ——.
fiber
fiber
Al-coating

scan piezo

fiber "probe” .
sample

A T/ near-
objective e e field

SRl " far—tield

multiplier aperture < 100 nm

W. Guimannsbauer, Institute of Physics, University of Basel
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INGaAs/GaAs Quantum dots: Sample Structure

Removed cap layer, 6 um

Average size 15 nm : MESA 100 nm
\ Average distance 50 nm ’ .

Average height 4

| -
layer
30 nm |

300 nm A B

1 Iny:Ga,sAs QDs
n GaAs substrate

n GaAs cap laye




PL Intensity (arb. units)

Macro vs. SNOM photoluminescence

InGaAs/GaAs QDs
[ T=40K

High power
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Appl. Phys. Lett., Vol. 78, No. 12, 19 March 2001

T= 10K
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FIG. 2. (a) ER spectra of QDs for different reversed bias ( V';) measured at
T'=10K. (b) The electric-field-dependent transition energies for the ground
state (E,) and the excited states (£, and F£,). The arrows indicate the center
of the fitted parabola of Eq. (1).
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FIG. 2. Photocurrent spectra as a function of bias at 10 K. Ouantume=dot
features are observed for reverse hiases between —3 and —6 V. The insct
shows photocurrent from the two-dimensional welling-layver transition, ob-
served to its full intensity at biases of only ~—0.5 V.,
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pacer
500nm BSnm

p-contact

FI1G. 1. Schematic band structure of the devices investigated for
Vapp such that the QD’s are uncharged with excess holes. The main
carrier dynamical processes are shown due to radiative recombina-

tion (R p;) and carrier escape denoted by Rp; and R, ., respec-
tively.
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FIG. 2. Charge neutral single exciton emission (X% ) and ab-
sorption {X?,f_.) spectra obtained from an individual quantum dot as
a function of applied bias in the range (+04=V  ,=+2.6 V)
corresponding to axial electric fields ranging from 30
=F(kV em ™ ')=160. The charging of the QD with excess holes is
clearly observed for V,,,<0.6 V, marked by the appearance of
additional lines in the emission spectrum (X}, ). The broadening of
X9, is clearly evident for F=100 kVem ! as R, >Ry, .




InAs QDs on wetting layer

tunnel barrier
(GaAs, 15 nm, N,<1+10"cm?)

FIG. 1. (a) Sketch of §TS measurement of the sample with
freestanding InAs QDs: tunneling path [ along z is indicated;
(b) band profile along the z direction marked in (a) as calcu-
lated with a 1D-Poisson solver [14], Vgmpe = 1.05 V., CH:
conduction band. VB: valence band: a confined QD state is
marked as a full black line: (¢} constant-current image of the
InAs-QD sample. Vgpye =3 V. I =70 pA: left inset: 3D
representation of a typical QD with the [110] direction marked:
central inset: wetting layer with atomic resolution; (2 > 4) unit
cell (white rectangle) is marked.
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sample voltage [V]

&

e,

(100) 1.14V

12 13 14

FIG. 2. Single QD. W tip: (a) constant-current image,
Viampe = 1.7 V. I = 50 pA, height H and crystallographic di-
ections marked: (b)y (V) curves recorded on the QD (black
ine) and on the wetting layer (grey line). Vg, = 1.6 V. [y, =
50 pA: (¢) dI/dV curves recorded simultaneously with (b),
Vioa = 28 mV: (d) dI/dV curves recorded at different posi-
ions above the QD as marked in (a): (e).(f) spatially resolved
I /dV data at Ve = 0.89 V and Ve = 1.14 'V, respec-
ively: all data in Fig. 2 are raw data.
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Figure 9. Fvolution of the threshold current of semiconductor lasers.
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Cosa cl sI fa

SiH, H,
N_/

catalyst

Gold |
nanoparticle S' Si

P —
I . miCrowire
.-

Wagner and Ellis (1964)

Y 30 nm

InAs/InP nanowires

ZnO nanowires L. Samuelson et al (2002)

P. Yang et al (2002)




Nanostrutture UV

« Emettitori nell’UV utili per Optical Data
Storage (CD e DVD)

e /ZNO non tossico

* Energia di legame eccitone 60
meV ZnSe 22 meV)

F. Quaranta,



Risultati tipicl

A. Creti et al, unpublished
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Nanolaser a ZnO

| nanocristalli di ZnO hanno forma regola
* Nd>A,,

possibile utilizzo come n



FIG. 1. (Color online) As a concrete example of a nanorod laser the inten-
sity distribution of all guided modes of a waveguide with a 300 nm diameter
at a vacuum wavelength of 370 nm is shown. - ’




Fig. 1. (A through E) SEM images of ZnO nanowire arrays grown on sapphire
substrates. A top view of the well-faceted hexagonal nanowire tips is shown
in (E). (F) High-resolution TEM image of an individual ZnO nanowire showing

its <<0001= grm-fth direction. For the nanowire growth, clean (110) sapphire
substrates were coated with a 10 to 35 A thick layer of Au, with or without
using TEM grids as shadow masks (micro contact printing of thiols on Au
followed by selective etching has also been used to create the Au pattern).

An equal amount of ZnO powder and graphite powder were ground and
transferred to an alumina boat. The Au-coated sapphire substrates were
typically placed 0.5 to 2.5 cm from the center of the boat. The starting
materials and the substrates were then heated up to 8807 to 905°C in an Ar
flow. Zn vapor is generated by carbothermal reduction of ZnO and trans-
ported to the substrates where ZnQO nanowires grow. The growth generally
took place within 2 to 10 min (715).
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